Background: Changes and increased mechanisation of agricultural practices have influenced the biodiversity composition of farmland habitats and caused a decline of bird communities in many European countries. The removal of shrubs and large trees rich in natural cavities, has also led to a drastic decrease in nest site availability for cavity-nesting bird species. Nest-boxes are a common conservation tool used to improve nest-site availability, and have helped to reverse declines in many endangered bird populations. Nonetheless to maximize the results of such interventions it is crucial to know where nest-boxes should be sited. The objective of this study was to investigate the effectiveness of the nest-box program for the European Roller (Coracias garrulus) population of Lazio region (Central Italy). More specifically, we focused on what landscape features were preferred (or avoided) in the process of nest box selection and how they influenced population's breeding parameters. Particular attention was paid to identifying potential limitations and to provide management recommendations for future interventions.
Background
In recent decades, changes in agricultural practices have modified the landscape structure at local and regional-scales in many European countries (e.g. Donald et al. 2006; Butler et al. 2010) . Such changes, including specialisation of farms, simplification of crop rotations, increased mechanisation and agrochemical use (Benton et al. 2003) have influenced the biodiversity composition of farmland habitats (Chamberlain et al. 2000) and resulted in changes in the ecology, phenology and diversity of assemblages of invertebrate species (e.g. Hunter 2002 ). The abundance and availability of invertebrates have declined with agricultural intensification and mechanization, leading to declines in populations of farmland and grassland bird species (Benton et al. 2003) . In Europe, farmland birds are indicative of the wider biodiversity decline associated to modern agricultural activities (Donald et al. 2001; Nikolov et al. 2011; Morelli et al. 2014) . By feeding chiefly on large insects, many insectivorous bird species such as the Lesser Kestrel (Falco naumanni), the Lesser Grey Shrike (Lanius minor), and the European Roller (Coracias garrulus), have suffered greatly from habitat loss caused by changing agricultural practices (Franco and Sutherland 2004; Giralt et al. 2008; Kerus and Racinskis 2008; Tiefenbach 2009; Butler et al. 2010) .
Furthermore the rationalization of agriculture, which entails the removal of shrubs and large trees rich in natural cavities, has also led to drastic decrease in nest site availability for cavity-nesting bird species (Kovács et al. 2008) . Many studies have shown that the abundance of suitable holes can be a limiting factor for reproduction in cavity-nesting birds even in habitats in which food is abundant (Newton 1994; Blanco et al. 1997) . In this context, the installation of nest-boxes is a common conservation tool to overcome shortage of natural nesting places and has often resulted in an increase in the local breeding density of cavity-nesters (Avilés et al. 1999; Catry et al. 2013) . Such direct management measures, together with specific corrections of agricultural practices, have helped to reverse declines in many endangered bird populations (e.g. Avilés and Costillo 1998; Gottschalk et al. 2011 ). However, in any nest-box program, evaluating the effectiveness of the nest boxes is of paramount importance (Finch et al. 2018) . For example, unfavourable nest box locations or unproductive sites may slow the recovery of threatened populations (Gottschalk et al. 2011) . Adequate management actions are therefore essential in any nest box programme in order to enhance the breeding success of the target population.
Here, we focused on a bird species typical of agricultural landscapes, the European Roller (hereafter "roller"; Cramp 1985; Finch 2016) . The roller is a secondary cavitynesting bird that frequents agricultural and natural environments such as pastures, crops and meadows (Cramp 1985) . Its presence is closely linked to the availability of cavities for nesting and large insects (mainly Orthoptera) for feeding (Cramp 1985) . Roller populations suffered a significant decline in many European countries over the past 50 years (Kovács et al. 2008; BirdLife International 2017) ; cases of local extinction were recorded in Finland, Denmark, Germany, and Czech Republic (Cramp 1985) . Direct conservation actions in several countries have contributed to national recoveries (BirdLife International 2017) . Accordingly, the status of the European Roller has recently been downlisted from Near Threatened to Least Concern (BirdLife International 2017). However, the species is still thought to be declining in Europe, albeit at a less severe rate, and thus deserves protection (BirdLife International 2017) .
In Italy, the roller population has suffered a drastic reduction (> 30%) over the last 30 years, especially in the northern part of the country (Lovari 1975; Birdlife International 2015) although a moderate increase at a national scale has been recently recorded (Pezzo and Puglisi 2015) . There are approximately 1000 breeding pairs, mostly concentrated in specific areas in central and southern Italy (Pezzo and Puglisi 2015) with a few scattered isolated re-colonisations of very recent origin in more northern areas (such as Emilia Romagna, Piemonte and Friuli Venezia Giulia; Meschini 2015) .
The objective of this study was to investigate the effectiveness of the nest-box program for the European Roller (Coracias garrulus) population of Lazio region (Central Italy). Particular attention was paid to identifying potential limitations and to provide management recommendations for future interventions. We used data collected over a 7-year study period on birds breeding in nest boxes on power lines. In particular, we looked at two different, but not mutually-exclusive, mechanisms affecting the breeding ecology of this species. Firstly, we evaluated what landscape features are preferred (or avoided) in the process of nest box selection: the occupancy of nest boxes was investigated in relation to distance from habitat resources, habitat composition and several environmental variables (e.g. solar radiation). This information is important in increasing the effectiveness of nest box projects, since nest boxes can be removed from sites that are usually avoided and relocated to preferred sites. This might increase the true availability of nesting cavities for the breeding population. Secondly, we investigated if different rates of reproductive parameters, such as clutch size and fledging success, were associated with the location of nest boxes and to the landscape features surrounding it. This information can help to optimize the breeding success of the population when using the same number of nest boxes in a nest-box programme (Gottschalk et al. 2011) .
Finally, since individuals of the same species may respond and adapt differently to local environmental characteristics and landscape features (Morelli 2013) , we compared our results with published data from other European Rollers populations (i.e. Rodriguez et al. 2011; Kiss et al. 2014; Catry et al. 2017; Finch et al. 2018) , in order to assess whether the species benefits from similar habitat characteristics at breeding grounds across the geographical range or if it adapts to different local environmental features/resources.
Methods

Study area and census methods
About 70 breeding pairs (mostly breeding on man-made artefacts such as farmhouse ruins, barns or in low voltage electricity poles) were estimated to be present in the whole Lazio region (Central Italy) in 2009 (Brunelli et al. 2011 Pezzo and Puglisi 2015) . Since 2010 the Italian national electric power company Terna S.p.A. has installed seventy nest boxes specifically designed for rollers on metal pylons of high voltage power lines, across the provinces of Rome and Viterbo in the Lazio region, in order to improve nest site-availability for the species (Fig. 1) . The mean distance between each pylon and the nearest one is 445 ± 171.5 m (SD). Birds breeding in nest boxes in these areas were our study population. The area contains both intensive arable farmland and organic cereal crops, fragmented by grasslands with bushes and trees: urban artefacts are present but in low density. Other habitats include fallow fields mainly used for livestock rearing and olive groves.
The nest boxes have been monitored every year, for seven years between 2010 and 2016. In order to assess the nest boxes occupancy, each nest box was periodically checked during the breeding season (one visit per week between the end of April and the end of July). A nest box was considered occupied if at least one egg was laid by a roller (e.g. For each nest box, we recorded: (a) clutch size (i.e. number of eggs laid), (b) number of hatched eggs and (c) number of fledged chicks. From these parameters, we calculated the hatching success (young hatched/eggs laid), the fledging success (young fledged/eggs hatched), and the annual breeding success (young fledged/eggs laid). In some cases, nest boxes could not be monitored, resulting in reproductive data being only partially available for that nest boxes (e.g. years 2013 and 2014). These latters were included in the analyses only for the available data.
Environmental data
The habitat characteristics of the area surrounding each nest box were analysed with the Geographic Information System (GIS) open source software QGIS (QGIS Development Team. QGIS Geographic Information System. Open Source Geospatial Foundation Project 2018). We measured the habitat composition in an area of 600 m radius around the nest box to investigate the foraging habitat type and to evaluate habitat preferences in the breeding area. This corroborates with previous estimates of the foraging range size of breeding rollers (approximately 600 m based on Finch (2016) , Saunders (2016) and Catry et al. (2017) ). For the habitat variables we used the Corine Land Cover (Büttner and Kosztra 2007) and we grouped them into seven categories, using the 3rd level classification: urban areas, orchards (including olive groves and wineyards), fallow fields, scrubland, arable fields (including cereals), forest, and grassland (Table 1) . We measured the Euclidean distance from each nest box to the nearest patch of each habitat variable. Furthermore, we calculated the percentage of each habitat variable in a circular plot around each nest box, using a radius of 600 m, as described above. Then, since high environmental temperatures can affect the physiological status of nestlings resulting in severe fitness costs (Catry et al. 2015) , we analysed the solar radiation at nest sites to evaluate possible effects on the various breeding parameters. More specifically, using a 10 m digital elevation model (Tarquini et al. 2007 (Tarquini et al. , 2012 , we calculated the average altitude of each plot and, using the Potential Incoming Solar Radiation tool for Saga GIS (Conrad et al. 2015) , the total amount of incoming solar radiation in the area covered by each circular plot (600 m buffer). The solar radiation, expressed in Wh/m 2 , was calculated for the nesting period, and it was defined as a product of daily and seasonal shift of sun angle, along with variation in elevation, orientation (slope and aspect), and shadows cast by topographic features. We also evaluated the habitat structure at the considered scale, using the Lecos tool for QGIS (Jung 2016) to calculate the following landscape metrics: Shannon diversity index, number of patches (NumP), mean patch size (MPS), mean perimeter/area ratio (MPAR), and edges density (ED). All habitat variables and landscape metrics are listed in Table 1 .
Statistical analysis and model selection
To investigate the effect of habitat on nest box occupancy, clutch size, hatching, fledging, and breeding success, we performed five series of generalized linear mixed effects models (GLMMs). As response variable, we used nest box occupancy (1 if occupied by rollers, 0 if not), hatching success (calculated as proportion of hatched eggs over the number of laid eggs), fledging success (proportion of fledged young on hatched eggs) and breeding success (proportion of fledged young on laid eggs), under a binomial distribution, whereas for clutch size we used the number of laid eggs under a Poisson distribution. Calendar year was included as a random factor, to account for possible annual differences in meteorological conditions that could affect the parameters of interest. As each nest was sampled for consecutive years, we also included the nest ID as a further random term in each model. The availability of power lines was not used as additional predictor because all nest boxes were installed on power lines, limiting expected variation between sites for this parameter. To select the habitat variables for inclusion in each model we used an information theoretic approach based on the corrected value of Akaike's information criterion (AIC c ) (Burnham and Anderson 2002 ) with multi-model inference. To exclude correlation among variables in the same models, we identified all the subsets of uncorrelated (p > 0.05) predictor variables by calculating a matrix of Pearson correlation coefficients and performed the multi-model inference starting from those pre-selected subsets. The model with the lowest AIC c was elected as the best, with the others ranked according to their AIC c difference from this (ΔAIC c ). Furthermore, we measured the relative importance of models by their Akaike weights (w i ; Anderson et al. 2000 Anderson et al. , 2001 . Finally, we used model averaging of models with ΔAIC c < 7 (Burnham et al. 2011 ) from the top model to obtain the model averaged coefficients of predictor variables and to rank them according to their predictive importance (Σw, sum of Akaike's weights). Preliminary manipulation of environmental layers was done using the software QGIS (QGIS Development Team 2018); the model fitting and the multi-model inference was carried out in the statistical environment R (R Development Core Team 2018) via the packages lme4 (Bates et al. 2015) and MuMIn (Barton 2016). Other results are reported as mean ± standard deviations.
Results
We analysed data from a total of 140 occupied nest boxes across a 7-year period (from 2010 to 2016). The studied roller population gradually increased from ca. 15 occupied nest boxes in 2010 to 33 in 2016 (mean: 20 ± 8.8 occupied nest boxes; Table 2 ; Fig. 2 ). In 2015, the roller population produced a maximum of 112 chicks that fledged successfully (mean number of chicks per year during the study period: 53.28 ± 30.05 chicks; Fig. 2 ). To compare results between years, reproductive parameters were calculated on nest boxes for which complete data were available (see details on Table 2 ). The roller population produced on average 5.03 ± 0.48 eggs per occupied nest box. The mean number of eggs hatched and chicks fledged per nest box was 3.90 ± 0.78 and 3.74 ± 0.76, respectively. During the study period, the mean annual breeding success, calculated as young fledged/eggs laid, was 0.73 ± 0.23. Other reproductive parameters are reported in Table 2 .
Effects of habitat variables on nest boxes occupancy
The most important variables affecting nest boxes occupancy were the distance from arable fields and the edge density. Both were present in the top ranked models (totaling a predictive importance Σw = 0.76, with a significant negative coefficient). This indicates that nest boxes close to arable fields and in larger patches (low Table 1 Predictor variables used to model the occupancy and the productivity of European Rollers in artificial nest boxes in Lazio region, Central Italy
Habitat variables Definitions
Nest position
Distance from arable fields (including cereals) Euclidean distances between the nest box and the nearest patch of the given habitat type edge density) had a higher probability to be occupied. In particular, nest boxes at 0 m distance from arable fields had an average predicted probability of being occupied of 65.8%, whereas the furthest nest, which was 1800 m from arable fields, had an 11.0% probability. The effect of arable fields was also shown by the significant and positive coefficient of the percentage of arable fields in the 600 m plot surrounding the nest, although its predictive importance was lower (Σw = 0.24). Solar radiation in the area surrounding the nest box was positively associated with nest occupancy, although with a moderately-low predictive importance (Σw = 0.24). Proximity to orchards positively affected nest occupancy too, with the same predictive importance but the 95% confidence interval of the estimated coefficient overlapped the 0 value, indicating a non-significant effect ( Fig. 3 ; Additional file 1: Table S1 and S2).
Effects of habitat variables on reproductive parameters
Clutch size was not particularly affected by the considered habitat variables. Among all the considered models describing the number of laid eggs, a null model (i.e. including intercept only) was ranked as the best one, in terms of AIC (Additional file 1: Table S3 ). The top ranked habitat variables were distance from fallow fields and orchards, both with a negative coefficient, suggesting that pairs breeding in proximity to these habitats were likely to lay a higher number of eggs. However, these were not statistically significant and the low sum of Akaike's weights (respectively 0.20 and 0.16) indicated a low importance of such predictors ( Fig. 3 ; Additional file 1: Table S4 ). For hatching success, the total amount of incoming solar radiation in the 600 m circular plot surrounding the nest was the most important variable (Σw = 1.00), being present in all the best models with ΔAIC < 7, and it showed a significant and positive effect on the expected proportion of hatched eggs with an expected increase from 75.7% in nest boxes with the lowest incoming solar radiation to 97.7% in nest boxes with the highest. Percentage of orchards in the 600 m buffer was the second ranked variable for predictive importance (Σw = 0.58), with a negative effect. The negative and significant coefficient of distance from grassland indicates that nest boxes close to grassland had a higher expected proportion of hatched eggs ( Fig. 3 ; Additional file 1: Table S5 and S6) .
For fledging success, percentage of fallow fields in the 600 m circular plot around the nest box was the only habitat variable present in almost all the best models, as shown by its sum of Akaike's weight (Σw = 0.98). The positive and significant coefficient of this variable indicates that pairs breeding in an area surrounded by fallow fields had a higher proportion of fledged young.
Altitude was the second ranked variable (Σw = 0.64) and it had a positive effect. Habitat structure seems to play a moderate role, and the positive effect of mean patch size (Σw = 0.52) suggests that habitats with moderate/low complexity are associated with a higher fledging success ( Fig. 3 ; Additional file 1: Table S7 and S8).
Because most losses occurred at the egg stage, results for overall breeding success were similar to those for hatching success. Breeding success, was strongly associated with incoming solar radiation, which showed a high importance Σw = 1 and a significant and positive effect. Percentage of orchards in the 600 m buffer had a high importance (Σw = 0.96) and its coefficient indicates that nest boxes surrounded by orchards have a lower expected breeding success. Other variables with a moderate predictive importance were distance from arable fields (Σw = 0.49), percentage of urban areas (Σw = 0.37) and distance from grassland (Σw = 0.32), all with a positive effect although they failed to reach statistical significance ( Fig. 3 ; Additional file 1: Table S9 and S10).
Discussion
In our study area, the roller population showed a gradual increase in the number of reproductive pairs that occupied nest boxes provided on power lines. Nowadays, this population consists of about 30-33 reproductive pairs. The colonization of nest boxes represents an increase in the local range of the species. In the whole Lazio region, about 70 pairs were estimated in 2009 (Brunelli et al. 2011 Meschini 2015 ). Although it is not possible to fully exclude that some pairs have moved from natural sites to nest boxes, we think that the majority of the pairs in nest boxes are new, since most of the historical pairs are still faithful to their own nests and their numbers remained fairly constant during the study period, as per regional surveys and field observations (Brunelli et al. 2011; Meschini 2015; Catoni unpubl. data) . Furthermore, nest boxes were not placed close to extant breeding pairs of rollers. Therefore, we are confident that the pairs in our nest boxes are new and should be added to the estimates of the overall roller population in the region.
The absence of large trees rich in natural cavities due to the recent intensification of agricultural practices probably limited the availability of suitable hollows for nesting. The shortage of natural shelters resulted in a quick occupancy of the new nest boxes provided. Our results are in line with previous studies, which showed the importance of artificial nest boxes for the conservation of the species, especially in those areas where landscape composition was intensively modified by changes in agricultural practices (e.g. southern Hungary; Kiss et al. 2016; south Iberia; Catry et al. 2017) .
Table 2 Reproductive parameters of the European Roller population of Lazio region during the study period 2010-2016
Parameters are calculated on the number of breeding pairs for which data were complete for the entire season (pairs with NA data were discarded from the analyses). The * represents data that may not be exhaustive for However, the effectiveness of nest-boxes is maximised in areas where foraging resource availability is not a limiting factor. In a comparative study on two distant rollers populations, Finch et al. (2018) demonstrated that factors driving variation in breeding density and nest-box occupancy were different between populations: the Latvian population was influenced by foraging resources availability while the French one mostly by nesting resources. This means that context-dependent conservation interventions may be necessary and might vary across the species' range where local populations might be limited by different factors. This highlights the importance of evaluating conservation actions on each population, in different parts of rollers' breeding range (Kiss et al. 2014 ). In our specific case, nest boxes' installation has proved to be a good means for encouraging the rollers' reproduction and local range expansion.
Effects on nest box occupancy
Habitat variables can play an important role in influencing the choice of nest sites, and thus in shaping the Fig. 3 Graphic summary of results of generalized linear mixed models of habitat variables on nest boxes occupancy, clutch size, hatching success, fledging success and breeding success, grouped by five series of considered predictors: nest position (distances from habitats), habitat composition (percentages of each habitat in a 600 m radius buffer from the nest box), terrain (average altitude and incoming solar radiation in the 600 m buffer) and habitat structure (landscape metrics in the 600 m radius buffer). Each circle represents the effect (β: regression coefficients) of the considered predictor on the response variable in the final average models. Blue circles indicate a negative effect, yellow circles a positive effect. Colour saturation is a measure of the predictive importance (Σw: sum of Akaike's weight). (•) indicates that the 95% confidence intervals don't overlap with 0, and (×) indicates that they do species distribution at a local scale. Factors such as nest location, habitat patch composition and presence of conspecifics and/or predators are known to highly affect nest site selection in European Roller Vaclav et al. 2011; Parejo et al. 2013; Bouvier et al. 2014) .
In our case, we found that nest boxes in farmland habitats consisting predominantly of arable fields and located in moderately sun-exposed areas had a higher probability of being occupied by rollers. A similar study conducted in southern Hungary showed how such man-made habitats seem to be offering a high-quality breeding habitat for the species (Kiss et al. 2014) : in that study, rollers showed higher breeding performance in agricultural areas (where more than 50% of the area was made of arable fields) than in their traditional habitat of natural "steppe" grasslands, because of the higher availability of prey species (different species of insects and small vertebrates).
Effects on reproductive parameters
Landscape composition affected nest box occupancy and also had important effects on the reproductive performance of the breeding pairs. However, these effects were not the same for all the reproductive parameters. More specifically, we found that none of the habitat variables were of importance in predicting the expected numbers of eggs laid per pair. Once a nest box was occupied, the habitat variables had a minor impact on the clutch size. We could hypothesize that, all nest boxes being identical in terms of internal space and size, the expected variation between sites for this parameter has been limited. In future it would be useful to test for differences in clutch sizes between artificial nest boxes of different sizes and natural nest sites which may differ in terms of structure and internal space for laying and incubating eggs (Evans et al. 2002; Lambrechts et al. 2010) .
The hatching success was higher in areas where a higher incoming solar radiation was recorded. This is the first study to show such an effect in this species. Relatively high temperatures during the incubation phase may favour chick embryo development and subsequent egg hatching (Parejo et al. 2015) . Rollers usually start incubating after that the third egg has been laid (hatching is hence asynchronous), so that parents may leave the eggs unattended for short periods (Cramp 1985; Parejo et al. 2012) . In this sense, high temperatures (typical of the climate which characterizes our study area) can maintain eggs in the right conditions during periods when parents are away from the nest, thereby assuring the embryonic survival/growth. In addition, rollers can adjust hatching asynchrony in response to spring climatic conditions and resources availability (Parejo et al. 2015) : high spring temperature determines food availability because it favours insect development and outbreaks. It has also been documented that roller nestlings can cope with the constraints imposed by occasional heat waves, being more tolerant/resilient to high environmental temperatures than other sympatric species such as the Lesser Kestrels (Falco naumanni) (Catry et al. 2015) . All this means that high temperatures are also important during the first phases of parental cares and food provisioning after the hatching, when chicks are not yet able to properly thermoregulate.
The fledging success was positively associated with fallow fields, indicating that nest boxes closer to these patches had a higher proportion of fledged birds. At the same time, nest boxes located in areas with lower landscape complexity also showed a higher fledging success. This is counterintuitive, as in other studies (e.g. Avilés and Parejo 2004; Kiss et al. 2016) , habitat heterogeneity was a positive factor for fledging success. However, this unexpected result may be explained by the fact that prey species richness and abundance in fallow and arable fields was already very high in our area, and likely sufficient to sustain chick rearing. Furthermore, areas with higher habitat structure included larger areas of woodland and pastures, which possibly had lower prey abundance than freshly threshed arable fields and mowed fallow fields. In our study area, pastures are usually much overgrazed, and therefore show very poor soil structure and consequently low amounts of large invertebrates (van Klink et al. 2015) , while woodland is not a primary foraging habitat for rollers (Cramp 1985) . Finally, the breeding success was higher when nest boxes were sited in areas with higher incoming solar radiation and when relatively distant from orchards and urban areas. This is in accordance with other studies who found that nest boxes located near urban areas or where human disturbance is high, are not selected for nesting and/or yield low breeding success (Tiefenbach 2009; Rodriguez et al. 2011) .
Overall, these results show that both the composition and the configuration of the landscape are fundamental to the occurrence of breeding rollers as well as the subsequent reproductive performance, and thus the long term sustainability and resilience of local populations. We also found that specific factors differently influence the two mechanisms, such as the nest site selection and reproductive success, during the breeding season. In particular, a good solar irradiation, arable fields and a moderate/ low habitat matrix complexity appear to facilitate rollers' occurrence and provide suitable foraging resources for chick rearing, and thus to ensure the success of reproduction.
Conclusions
Due to the severe threats currently affecting farmland bird species (Teillard et al. 2015; BirdLife International 2017) , proactive management activities that aim to halt the decline of habitat heterogeneity due to land consolidation and agricultural intensification in combination with an uncontrolled rural development, seem to be essential for protecting remaining roller populations at the European level (Finch 2016) . At the same time, conducting studies at a local scale in different geographic areas within the species' distributional range, can help to understand which drivers primarily affect species' distribution and persistence over time and which conservation measures can be applied for effective management (Kiss et al. 2014; Finch et al. 2018) . In this sense, an understanding of the relative importance of different limiting factors on population variation, and the mechanisms underpinning these, is crucial for conservation (Finch et al. 2018) .
This study contributes to the optimization of conservation measures for the species, in particular to the most effective placement of nest boxes in the study area and at other places characterized by similar habitat composition. Our results indicated that the effectiveness of the investigated nest-box program could be improved: for example, in 2015 and 2016 only 46.4% and 47.8% of available nest boxes were occupied, respectively. In order to maximise the effectiveness of conservation interventions, we propose an integrated management approach aiming at first at enhancing the availability of nest boxes and successively to put efforts into increasing reproductive success by an optimized placement of nest boxes. Specifically, the success of this nest-box program could be substantially increased if unoccupied nest boxes were relocated to sites where occupancy is more likely, and if unproductive nest boxes were relocated to locations that would enhance breeding success, as already proposed for other cavity-nesting species (e.g. Little Owl (Athene noctua); Gottschalk et al. 2011) . For example, nest-boxes in habitats where occupancy rate and fledging success are higher, such as in arable and fallow fields and on south-facing slopes where presumably solar radiation is maximised, may help to extend the suitable habitat for rollers. Yet, from a more practical point of view, management actions such as the installation of new nest boxes, especially in areas of contiguity between reproductive nuclei, are of fundamental importance to support the connectivity of breeding areas and promote the extension of the distributional range over time. Last but not least, future conservation plans at local scale, should also focus on the requalification of agricultural habitats and promote sustainable agricultural practices which take into consideration the quality of farmland habitats and its related biodiversity.
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